We studied the role of infiltrating cells and cytokines synthesis in oxazolone (OXA)-induced contact hypersensitivity (CHS) of C57BL/6 mouse ear model. The cell mediate lesion was induced by the OXA challenge after abdominal skin sensitization, and those of infiltrating cells were examined at various time points (0-168 hr). The CHS lesions were indicated as an ear swelling at 24 to 48 hr after the challenge that was caused mainly by infiltration of mononuclear cells expressing CD90 + , CD4
We studied the role of infiltrating cells and cytokines synthesis in oxazolone (OXA)-induced contact hypersensitivity (CHS) of C57BL/6 mouse ear model. The cell mediate lesion was induced by the OXA challenge after abdominal skin sensitization, and those of infiltrating cells were examined at various time points (0-168 hr). The CHS lesions were indicated as an ear swelling at 24 to 48 hr after the challenge that was caused mainly by infiltration of mononuclear cells expressing CD90 + , CD4
+ and CD8 + . However, NK cells by means of asialo GM1 + cells, were detected in the lesions as early as 2 hr after challenge. The infiltration of NK cells peaked at 8 hr and replaced in the predominant accumulation of polymorphonuclear (PMN) cells and some of CD90 + cells. Cytokine expression of the infiltrating cells by RT-PCR, revealed a high level of IL-2 expression at 8, 12, and 24 hr and then reduced expression in the following times, while, IFN-g was constantly detected from 2 hr to 168 hr. Deletion of the NK cell activity by administration of the anti-asialo GM1 antibody resulted in significantly suppressed cell infiltration and ear swelling. IL-2 mRNA expression was undetected in the infiltrating cells of deletion mouse, whereas IFN-g was detected at 12, 24, and 48 hr. The presence of NK cells as the first infiltrating cells in the lesion and IL-2 and INF-g synthesis from the infiltrating cells may play an important role in the elicitation phase of CHS.
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I. Introduction
Contact hypersensitivity (CHS) is a mode of expression mediated by the cellular defense mechanism, through which invasive hazardous substances are rejected. Nearly all of the allergens that induce and elicit CHS have a relatively low molecular weight and are immunologically classified as a hapten [21] .
Many recent studies have elucidated the cellular function of T cell mediated lesions in mouse models and immune mechanisms in CHS lesions. The roles of Langerhans cells (LCs), antigen (Ag) recognition of T and B cells, cytokine synthesis, and cell adhesion molecules have also been analyzed [1, 4, 5, 7, 10, 15, 16, 23, 24, 27, 28] . T cell clones derived from peripheral blood and dermal tissues of CHS patients and mice were studied, and most of these phenotypes have been found to possess CD4 + [20] . Further, the importance of CD4 + and CD8 + cells in CHS was elucidated by Miller and Jenkins [19] , who used in vivo administration of monoclonal antibodies (mAbs) to assess their role. The predominant effector cells found in delayed-type hypersensitivity (DTH) were CD4 + cells, though no obvious effector role could be ascribed to CD8 + cells. In contrast, Gocinski and Tigelaar [6] 24 to 48 hr after the challenge, while little is known regarding the disease in early elicitation phase of CHS. In this regard, we examined immunohistochemically the cell events in early development stage, as well as cytokine synthesis using RT-PCR of those infiltrating cells. In addition, in order to clarify the role of asialo GM1 + cells in murine CHS response, the asialo GM1 antibody was administered in vivo to cause a depletion of NK cell population and NK activity [13, 34] .
The asislo GM1 treated mice revealed not only the NK cell deletion, but also reduction in the infiltrating cell numbers in the lesion. In addition, cytokine synthesis also decreased in the asislo GM1 treated mice.
The results of the present study indicate that both IL-2 and IFN-g are important for the elicitation stage of CHS, and NK cells during the initial step are particularly important for the development of CHS lesions.
II. Materials and Methods

Animals
C57BL/6 mice (Japan Crea, Japan) were maintained and bred in the animal care facilities of the Department of Pathology, Nihon University School of Dentistry.
Chemicals and antibodies
Oxazolone (4-ethoxymethylene-2-phenoxazol-5-one, OXA) was purchased from Sigma Chemical Co. Rat antimouse CD11b, biotinylated anti-mouse CD90, biotinylated anti-mouse CD4, biotinylated anti-mouse CD8, and normal rat IgG were obtained from Pharmingen Co., Ltd. Rabbit anti asialo GM1 was purchased from Wako Pharma. Japan.
Induction and elicitation of contact sensitivity
Forty-mice (female C57BL/6 mice; 9-weeks-old) were sensitized by a topical application of OXA to abdominal skin and divided into 8 groups at 0, 2, 8, 12, 24, 48, 120 and 168 hr. Each group contained 5 animals. The abdomen was shaved and then painted with 70 ml of 3% (W/V) OXA in acetone/ethanol (1/4, V/V) on two consecutive days. One week later, an ear skin reaction was elicited by topical application of 30 ml of 1% (W/V) OXA in acetone/olive oil (1/20, V/V). As a control, age and sex matched non-sensitized animals were primed with 30 ml of 1% (W/V) OXA in the same manner. For the deletion of NK cells, mice were pre-treated with anti-asialo GM 1 antibody (Wako Pharma. Japan) before abdominal sensitization. One vial of antiasialo GM1 antibody (10 mg protein) was dissolved in 3 ml of distilled water and 0.2 ml were injected intra-peritoneally, 7 times every two days before skin sensitization. The deletion of asialo GM1 + cells was proved by the isolated spleen cells, which were analyzed by flow cytometer (FACScan Becton Dickinson).
Measurement of ear swelling response
Ear thickness was measured using a dial thickness gauge (Peacock, Japan) before ear challenge, and 2, 8, 12, 24, 48, 120 and 168 hr after elicitation. CHS reaction was expressed by means of specific ear swelling at each time point. The data obtained a mean±SD from 5 mice at each time points. Student's t test was used for comparison of data with appropriate controls.
Histopathological analysis
Animals were killed after measurement of ear swelling and left side ear was excised for processing the histopathological analysis. The tissues were fixed in 10% neutral buffered formalin and embedded in paraffin using routine procedures. The specimens were cut into 6 mm serial sections, deparaffinized with xylene, hydrated through a series of graded alcohol applications, and then stained with hematoxylin-eosin. The samples were finally dehydrated through a graded alcohol series and mounted.
For the immunohistochemical staining: the excised tissues were immersed in cooled isopentane and frozen by liquid nitrogen, then stored at -80°C until use. Sections (5 mm thick) were prepared, then fixed in cold acetone and washed with phosphate buffered saline (PBS, pH 7.2). The sections were treated with methanol containing 0.3% H 2 O 2 for 20 min to eliminate endogenous peroxidase activity and washed in PBS. For the blocking of non-specific staining, the sections were incubated with 2.0% bovine serum albumin in PBS for 15 min. The sections were then incubated for 60 min with the primary antibody at room temperature, washed 3 times with PBS, and then incubated in the appropriate dilution of biotinylated secondary antibody for 30 min, after which streptavidin horseradish peroxidase complex was added for 30 min (Zymed San Francisco, CA, USA). The sections were then washed with PBS and incubated for 10 min in Chromogen solution. Finally, the sections were counter-stained with hematoxylin solution, and then washed, dehydrated in alcohol, and mounted in crystal mounts (Biomeda, Foster City, CA, USA). Controls included PBS or non-immune rabbit serum instead of the primary antibody.
Evaluation of CHS
The number of each antibody positive cells was enumerated under light microscopy in 3 adjacent viewing fields at ´100 magnification and the CHS evaluated. The data was expressed as a mean of cell number per unit of tissue, with 1 unit being defined as the area of tissue surrounding the skin from the epithelium to cartilaginous layer. Cells from each test animal were counted, and individual s.i.±SD results were estimated after subtracting the mean of all cell counts. Student's t test was used for comparison of data.
Analysis of cytokine mRNA synthesis by RT-PCR
The portions of resected tissue from each experimental group and control mouse were processed for total RNA extraction. The total RNA was prepared using Trizol reagents (Life Tech Oriental, Japan) following the manufacturer's instructions. Briefly, the tissue was homogenized in 5 ml of Trizol reagents on ice using a Polytron homogenizer (model PT10-3; Kinematica, Lucerne, Switzerland), and collected in a 15-ml disposable tube. The samples were pumped 10 times using a 10 ml syringe with a 22 gage needle. The samples were centrifuged at 4°C for 20 min. Then, supernatants were mixed with chloroform and extracted RNA. The total RNA was precipitated with isopropanol at -80°C, and then washed with 70% ethanol, dried, and re-dissolved in diethyl pyrocarbonate-treated (DEPC) water. RNA amounts were determined using a spectrophotometer. The cDNA was synthesized using 200 U of Moloney murine leukemia virus reverse transcriptase (M-MLV RT; Gibco BRL, Gaithersburg, MD, USA), 20 U of RNAsein (Promega, Madison, WI, USA), 1 mM each of dGTP, dATP, dTTP, and dCTP, and 0.1 mg of hexanucleotide random primer (Boehringer Mannheim Japan, Tokyo, Japan) in a buffer containing 50 mM Tris-HCL (pH 8.3), 75 mM KCL, 3 mM MgCl, and 10 mM dithiothreitol. Oligonucleotide primers were synthesized with a DNA synthesizer (Applied Biosystems, Foster City, CA). The primers for the mouse cytokines were as follows: IL-2, 5'-TTCAAGCTCCACTTAAAGCTCTACAG-CGGAAG and 3'-GACAGAAGGCTATTCATCTCCATCT-CCTCAGAAAGTCC; IL-4, 5'-ATGGGTCTCAACCCC-AGCTAGT and 3'-GCTCTTTAGGCTTTCCAGGAAGTC; IFN-g, 5'-AGCGGCTGACTGAACTCAGATTGTAG and 3'-GTCACAGTTTTCAGCTGTATAGGG; b-actin, 5'-TGG-AATCCTGTGGGCATCCATGAAAC and 3'-TAAAACGC-AGCTCAGTAACAGTCCG. Before PCR amplification, the sample DNA was heated to 90°C for 1 min, then chilled on ice. The PCR reaction mixture contained a final concentration of 1´PCR buffer (Perkin Elmer-Cetus, Norwalk, CT, USA), with 1.5 mM of MgCl2, 50 mM of dNTPs, 20 pmol each of 5' and 3' primers, and 1 U of Taq polymerase (Perkin Elmer-Cetus), in a total volume of 50 ml. The DNA was amplified by 35 cycles at 92°C for 30 sec, 60°C for 30 sec, and 72° for 1 min in a DNA thermal cycler (Perkin ElmerCetus). The reaction products were resolved by electrophoresis on a 1.5% agarose gel, and stained with ethidium bromide.
For statistical analysis, Photoshop and NIH image software were used for semiquantitative analysis of PCR products. Relative index was expressed as a measure of the density of control products. All results presented are means±SD.
III. Results
Ear swelling response induced by OXA CHS was estimated by means of the ear swelling that was induced by OXA challenge. The swellings were identified as early as 2 hr after the challenge, and peaked at 48 hr. The ear swellings then gradually decreased after an extended time (Fig. 1) .
OXA induced CHS lesions in the ear
OXA, when challenged to the ears, caused local inflammatory reactions, which were characterized by an infiltration of mononuclear cells in the lesion. Mononuclear cells were examined in the H/E stained sections under light microscopy. Several numbers of mononuclear cells were identified as early as 2 hr after the OXA challenge and those of cell infiltration peaked at 48 hr, after which the number of infiltrating cells was significantly decreased, although some cells were still recognized in the lesion at 168 hr. The subtypes of infiltrating cells were varied in the lesion at each time point. Small round lymphoid cells presented first in the lesion, and polymorphonuclear (PMN) cells were quickly accumulated and peaked at 12 hr after challenge, then the PMNs quickly disappeared from the lesion. The number of lymphoid cells gradually increased from 8 hr and peaked at 24 hr. All cell types decreased after 48 hr, but some cells were identified at 168 hr.
Immunohistological analysis of infiltrating cells
We examined infiltrating cell types found in the lesions at each stage using a kinetic immunohistochemical method. Frozen sections taken at 0, 2, 8, 12, 24, 48, 120, and 168 hr after the challenge revealed that particular cell types were present in different stages of disease progression (Fig. 2) . The asialo GM1 + cell was clearly identified in the early stage (2 hr) of the lesion and some T cells as a CD90 + phenotype were also recognized in the lesion (Fig. 3) . However, CD4 + and CD8 + T cells were not constantly present at this stage. Asialo GM1 + cells peaked at 8 hr representing a major population among those of infiltrating cells, and then cell numbers decreased with extended time, but the cells were continuously recognized until 168 hr. PMN cells, which are characterized by CD11b + and nuclear figures, were detected at 2 hr and dramatically increased in numbers and were identified as a major population of infiltrating cells at 12 hr. Thereafter, PMN cells quickly disappeared from the lesion. After presenting the CD90 + cells in the lesion, the numbers continuously increased until 24 hr. Subtypes of CD4 + cell and CD8
+ cell also increased in number parallel with CD90 + cell. However, 24 hr after the challenge, CD4 + cell was becoming a major cell population of the infiltrating cells that did not change until the end points. Thus, CD4 + T cell was identified as a major effector cell in the mouse OXA induced CHS lesions, followed by CD8 + T cells (Fig. 4) .
Cytokine profile of infiltrating cells
Cytokine mRNA synthesis during elicitation phase of CHS lesions was assessed by reverse PCR, in which template RNA was eluted from various times after ear challenge. The magnitude of IL-2 mRNA expression varied at each time point, though relatively high expressions were recognized at 8, 12, and 24 hr. While, INF-g mRNA was constantly detected throughout the experiments, IL-4 mRNA was not detected at any time points (Fig. 5) .
Depletion of NK cells in CHS lesions
NK cells were deleted by exposing the mice to the asialo GM1 antibody before OXA sensitization, which was confirmed by immunohistochemical staining and flowcytometery analysis. Ear swelling responses after the challenge were obviously depressed compared with asialo GM1 antibody non-treated mice (Fig. 1) . Further, the severity of the disease was clearly low level in the asialo GM1 antibody treated mice and a small number of infiltrating cells was found compared with conventional mice (Fig. 4) . A half number of CD90 + and CD11b + cells were detected in the asialo GM1 antibody treated mice while no asialo GM1 + cells were found in the lesion (Fig. 6) . The numbers of CD4 + and CD8
+ cells were also dramatically reduced in the asialo GM1 antibody treated mice (Table 1) . For the cytokine mRNA analysis, IL-2 mRNA was not detected throughout the experimental period in the asialo GM1 antibody treated mice, whereas INF-g mRNA was detected at 12, 24, and 48 hr (Fig. 7) .
IV. Discussion
The present study demonstrated cellular events in an initial step of murine ear CHS lesion. The initial change of lesion mediated by inflammatory cell infiltrations where asialo GM1 + cells were firstly identified at elicitation site with immunohistochemical analysis following PMNs, however CD4 + T cells could not be identified at that stage. The events involved with T cells recycling to the lesion were increased at the later time points which formed the major population at 24 to 48 hr after the challenge. In previous studies regarding the elicitation phase of CHS, the earliest histopathological findings were mast cell de-granulation and vasodilatation, as well as an influx of neutrophils, followed by mononuclear and T cell infiltration [21] . However, the pathophysiologic events that result in contact dermatitis are clearly T-cell dependent, since T-cell-deficient mice do not elicit CHS. It was originally considered that Ag-specific primed T cells, which carry skin homing receptors, constantly patrol the skin and that CHS responses are elicited when these circulating T cells encounter relevant haptens presented by LCs within the skin [2, 26, 30] . The hypothesis has been challenged by the suggestion that depletion of resident epidermal LCs enhances, rather than diminishes the expression of CHS [8] . LCs down-regulate their capacity to stimulate primed T cells upon Ag exposure and migrate from the epidermis toward regional lymph nodes [14, 26, 30] . More- Fig. 5 . Time course of cytokine mRNA expression in the ear skin of C57BL/6 mice sensitized with OXA. Ear skin specimens were obtained and total RNA was isolated at various times (2-168 hr) after topical application of OXA onto the ear skin. The RT-PCR analysis method used for these cytokines is described in Materials and Methods. MK, fX174HaeIII; C, control; PC, positive control for the PCR. over, in contrast to the DTH response, the concentration of epi-cutaneous applied haptens and CHS intensity are closely correlated [22, 29] . During CHS response, much higher doses of hapten than predicted from in vitro data are necessary to elicit disease, whereas very low hapten doses are sufficient for Ag-specific T cell recognition, suggesting that LCs are not necessarily required in the effector phase of CHS. At present, other than resident dedicated antigenpresenting cells (LCs and dermal dendrite cells), viable candidates presenting Ag to T cells are keratinocytes (KCs), dermal mast cells, and endothelial cells, which can present Ag in an MHC class I-restricted fashion [1] . Alternatively, cells that infiltrate the site of hapten challenge very early during the response may also function as antigen-presenting cells. Most haptens exhibit a dose-dependent cutaneous toxicity and hapten challenge itself can condition the skin to the elicitation of CHS, as it enables neutrophil chemoattractant activity, adhesion, and activation [17, 18] . Thus, the haptens by themselves are quite capable of directly inducing pro-inflammatory effects, rather than first requiring recognition of immunocompetent cells in an Ag-specific fashion.
Recent studies of CHS found that pro-inflammatory effects such as the induction of TNF-a, IFN-g, IL-1 secretion [10, 16, 23, 24] and expression of ICAM-1, VCAM-1, ELAM-1 [7, 28] constitute an important process for the elicitation phase of CHS. Since these pro-inflammatory effects of haptens are non-immunological in nature, they do not require Ag-specific recognition. Further, non-specific effects can be distinguished from immunological effects in hapten-specific T cells. Thus, non-specific effects should be assessed differently from subsequent immune-mediated inflammation. To confirm the relationship of these nonspecific pro-inflammatory effects in CHS, a recent study was performed by Grabbe et al. [9] . Sensitized mice were challenged by very low doses of hapten together with either an irritant or an unrelated second hapten in a conventional dose. Their results revealed that co-administration of an irrelevant hapten with a low dose of a specific hapten in sensitized mice yielded a full CHS response. Either substance alone or combined with haptens applied to non-sensitized animals failed to elicit a significant reaction, thereby suggesting that CHS can develop from both a non-specific pro-inflammatory event by an unrelated second irritant hapten and Ag-specific recognition with very low levels of primed hapten. Thus, CHS elicitation is likely to require some type of pro-inflammatory stimulus besides haptenspecific recognition. On other hand, it is also known that CHS reaction in the immuno-deficiency mouse was decreased [11, 25] . The present study demonstrated that NK cell-deleted mice had a very low number of PMN cells present in hapten challenge sites, whereas in conventional mice, PMN cells markedly increased 8 to 12 hr following application. Thus, the magnitude of PMN cell infiltration at local sites and signals for their attraction may play a role in the non-specific pro-inflammatory stimulus phase.
It is widely accepted that IL-2 plays a central role in the clonal expansion of activated T cells with specific surface receptor [31] and can also mediate multiple biological functions in non-lymphoid cells, including the activation of monocytes and PMN cells [3, 32, 33] . PMN cells can be activated functionally by IL-2 via binding to IL-2Rb expressed on cell surfaces, and a brief exposure of normal PMN cells to rIL-2 enhances both the transcriptional and transitional expression of IL-8. Therefore, the chemoattraction of PMN cells by IL-2 appears to be mediated indirectly by IL-8, since the anti-IL-8 mAb was found to markedly diminish chemoattractant activity in supernatants from IL-2-stimulated PMN cells [33] . We detected an early stage synthesis of IL-2 and INF-g mRNA in the lesion that may induce subsequent PMN cell accumulations and also Ag-primed T cells. Moreover, IL-2 and IFN-g synthesized at the time is likely to be attributed to NK cells infiltration. NK cells were the first major population of cells infiltrating to the lesion after challenge of OXA. INF-g from NK cells may also introduce the primed T cells to the hapten challenge sites, and accelerate the secretion of IL-2 from Th1 cells, that was leading to further accumulation of infiltrating cells. The IFN-g activates resident cells in the skin as well as cell infiltration by endothelial cells or PMN cells, and may also lead to further accumulation of cells. Therefore, NK cells at the early stage of lesion may regulate the development of CHS, directly or indirectly. Thus, the cytokine production from NK cells attracts PMN cells to the site of hapten challenge and serves as an initial activating stimulus. This process is considered to be an effector to induce self-amplifying immune response, since the accumulation of these cells may enhance the probability of sensitized T cells to contact the appropriate Ag. In fact, the magnitude of T cell as well as PMN cell infiltration at the hapten challenge site clearly decreased in the NK deleted mice, as compared with NK non-deleted mice. These results indicate that NK deleted mice have produced insufficient pro-inflammatory signals, which are unable to accelerate the T cell mediated inflammatory response due to the lack of cytokines from NK cell. Of course, asialo GM1 antibody reacts not only with NK cell, but also with a part of the macrophage, murine enbryonal thymocyte and T cell with a highly concentrated administration [12] . Our preliminary experiments have confirmed that asialo GM1 treated mice reveal a reduction of NK activity by MMT assay against mouse cells. We also examined deletion of asialo GM1 + cells from spleen cells population by flowcytometery analysis (data not shown). Our findings show that NK cells play a role in the conducted induction phase of mouse ear CHS lesion. Further experiments are being conducted concerning the role of NK1.1 cells and NK-T cells on CHS development.
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